The lifetimes of molecules located close to a sinusoidal grating surface are studied within a classical phenomenological model. The contribution of surface roughness to the molecular decay rate is attributed to the discrepancy between the experiments of Rossetti and Brus and the theory of Chance, Prock, and Silbey. It is found that surface roughness can either enhance or diminish the flat-surface value for the decay rate depending on the emitting frequency, molecule-surface distance, and the molecular orientation.
I. INTRODUCTION The scattering of light and other Auorescence properties of molecules residing in the vicinity of a metallic surface have aroused immense interest since the early 1970s, ' especially after the discovery of the dramatic surface enhancement of Raman scattering (SERS) . It has now become clear that in spite of many other possible efFects, the roughness of the surface definitely plays an important role in leading to such dramatic surface phenomena. While in most experiments surface roughness unavoidably exists, the theoretical modeling of such roughness can generally be classified according to two categories: (I) random and (2) regular (periodic) roughness. A Gaussian distribution of roughness often serves as a prototype of the former, and the shallow sinusoidal grating surface is the simplest and typical example of the later. Other models, including a collective of bumps (represented by spheroids, either randomly or periodically distributed) have also been considered in the literature.
In general, two distinct classes of phenomena are of particular interest as far as the role of the surface roughness is concerned: (I) the modification of the emission intensity and (2) the fluorescence lifetime of the admolecule in the presence of a rough metallic surface. One simple approach to such problems based on classical phenomenology (CP) is to solve the Maxwell equations (ME) subject to these rough boundary conditions. The drawbacks of such an approach have been pointed out with possible remedies from a microscopic modeling of the surface electrons and the application of a nonlocal classical electromagnetic theory.
It has been found that a CP approach is valid in general down to very small molecule-surface distances of a few angstroms.
In particular, the problems of both the molecular dipole emission intensity ' and lifetime have been investigated by this approach, where the general solutions to the ME established by Maradudin and Mills" and to the image problem by Rahman and Maradudin' have 
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